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Abstract—Chemical medicines and antibiotics can kill pathogenic 
microorganisms in aquiculture animals, but they will lead to 
environmental pollution and serious food safety problems. 
Therefore, study on the selection for the disease resistant group 
of animals is necessary to solve the problem and promote the 
development of aquaculture. From the view of the relationship 
between fishes and pathogenic microorganisms, the present 
paper studies hemogram changes of Pseudosciaena crocea with 
different disease resistant abilities after artificial infected with 
the Vibrio harveyi. The results showed that the changes of 
hemograms of Pseudosciaena crocea after infected with Vibrio 
harveyi had close relationship with its disease resistant abilities. 
The hemogram indicators of the high disease resistant group 
(HDRG) did not change remarkably after infection compared 
with the control (P >0.05). But in the low disease resistant group 
(LDRG) or sensitive group, the concentrations of the red blood 
cells, white blood cells, lymphocytes, monocytes and neutrophil 
cells, as well as hematocrit and hemoglobin content per litre 
blood, decreased remarkably compared with the control (p < 
0.05). And the white blood cells, monocytes and neutrophil cells 
of the LDRG also decreased remarkably compared with that of 
the HDRG (P < 0.05). These indicators of hemogram provide 
better referrences for the study on the anti-disease ability of 
Pseudosciaena crocea, and also provide selection basis for the 
group with high disease resistant abilities. Application of 
automatic detection system greatly improved the analytical 
efficiency and would be a better choice for a large number of 
samples. 
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I.  INTRODUCTION 
Diseases are always the serious problem to the development 
of aquaculture. Traditional method that use chemical medicines 
and antibiotics to kill pathogenic microorganisms would lead to 
serious environmental pollution. And it also leads to the drug 
residues in those aquiculture animals, which would be a serious 
food safety problem and endanger the public health. Therefore, 
it is urgent to look for new methods to deal with the 
aquaculture diseases.  
The diseases are not only related to the pathogenic 
microorganisms but also related to the disease resistant abilities 
of aquiculture animals. Therefore, it is necessary to study on 
the disease responding characteristics of these animals with 
different disease resistant abilities from the view of the 
relationship between pathogenic microorganisms and 
aquiculture animals. Only in this way can we understand and 
master the occurrence law of aquiculture diseases, and 
consequently control the diseases efficiently.  
Hemogram is a general designation of many indicators in 
blood such as quantities and proportions of blood cells, and 
hemoglobin content. Animal hemogram usually changes with 
the environmental condition. And the change is often 
remarkable especially when the animals are infected [1]. 
Therefore, study on the changing law of the hemogram in 
animals pre and post infection has great significance for the 
understanding of the relationship between pathogenic 
microorganisms and aquiculture animals. Although some 
researches  has reported on the field[2-4], their methods are 
still the chemical analytical method and traditonal counting 
method which counts the blood cells by manpower. These 
methods are not only with great labour intensity but also 
influenced by operators’ experience, so it is difficult to realize 
rapid detection for large amount samples by these methods. 
In the present paper, the hemograms of Pseudosciaena 
crocea after infected with Vibrio harveyi were analyzed by the 
automatic detection system, and the characteristics of the 
hemograms were discussed, which could provide referrences 
for the automatic detection and prevention of fish diseases 
II. MATERIALS AND METHODS 
A. Materials 
Pseudosciaena crocea with weight 280-380 g and length 
25-30 cm was provided by Haixing nursery groud in Ningde 
County of Fujian Province. Vibrio harveyi was separated in our 
lab. Anticoagulative tube is the type of EDTA-K2 bought from 
the Ronghe Corporation  in Jiangxi Province. 
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B. Methods 
Two hundreds of healthy Pseudosciaena crocea were 
averagely and randomly divided into the control group and 
experiment group, and were in temporary culture of 24-25℃, 
changing the water once a day and scattering bait twice a day. 
When no abnormal phenomena was found in the fishes, the 
experiment group was injected with the vibrio suspends 0.2 mL 
( 8×107 CFU/mL ) per fish through the abdomen, while the 
control group was injected with 1.5% saline water. In four days, 
the experiment group appeared the typical symptoms. 
According to the situation of fins congestion, surface fester and 
abdominal hemorrhage, the experiment group could be divided 
into the disease resistant group and sensitive group. Then the 
blood samples were collected from the disease resistant group, 
sensitive group and control group, and were analyzed by the 
automatic detection system for hemogram. The injection 
method and blood collecting method were performed according 
to the method of Yan et al [2]. 
C. Statistical analysis 
The data were expressed in the form of SDX ± .The 
deviations of the data were analysed using t-test. The analysis 
was performed by using the SPSS software at the P = 0.05 
level.  
III. RESULTS AND DISCUSSIONS 
A. Concentrations of white blood cell (WBC) 
As shown in Fig.1, the concentrations of WBC, lymphocyte, 
monocyte and neutrocyte of the sensitive group decreased 
remarkably compared with the control group (p<0.05). 
Compared with the disease resistant group, the concentrations 
of WBC, monocyte and neutrocyte of the sensitive group also 
decreased remarkably except for the lymphocyte (p<0.05). 
However, these indicators between the disease resistant group 
and the control group have not reached to the significant 
differences (p>0.05).  
The hemograms of fishes are often affected by their living 
environment. Some reports showed that the change of the 
temperature or infection with pathogenic microorganisms could 
result in the remarkable change of the blood cells in fishes [2, 
4]. Our results also showed that the hemogram change of fish 
was closely related to the disease resistant ability of the fish. 
The groups with high disease resistant ability had the higher 
tolerance to the environmental pathogenic microorganisms, so 
the changes of their hemograms were not remarkable after the 
infection, while the sensitive group had the lower tolerance to 
those microorganisms, so their hemograms changed 
remarkably after infection. The hemograms that closely related 
to the disease resistant ability would provide better indicators 
for the recognition, selection and genetic breeding of the 


















































Figure 1. Cell concentrations of white blood cells and its assoeted cells of 
P s e u d o s c i a e n a  c r o c e a  after artificial infection (different letters of 
two groups in the same kind of cell reperent the remarkable difference of the 
two groups ) 
B. Proportions of three kinds of white blood cells 
After infection, the proportions of the assoeted cells of 
white blood cells in Pseudosciaena crocea did not have 
remarkable changes (see Fig.2), though their concentrations all 
decreased (see Fig.1). It proved that the assoeted cells could 
decrease at a similar rate or the vibrio did a similar harm to all 
the assoeted cells, though the harm in the disease resistant 
group could be less than that in the sensitive. The different 
harms in the two group caused by the vibrio could be due to the 
proliferation of white blood cells in fish. Some researches 
reported that the proliferation of white blood cells were often 
found in vertebrate animals when they were infected with 
pathogenic microorganisms, which could improve their disease 
resistant abilities [2,5,6]. Therefore, the higher disease resistant 
ability of the disease resistant group are probably due to their 





































Figure 2. Proportions of the assoeted cells in white blood cells of 
P s e u d o s c i a e n a  c r o c e a  after artificial infection 
2
C. Concentrations of red blood cells(RBC) 
As shown in Table. 1, compared with the control, the red 
blood cell (RBC) and hematocrit (HCT) of the sensitive group 
decreased remarkably (p<0.05), but the RBC and HCT of the 
disease resistant group did not decrease significantly, and there 
were also no significant difference between the sensitive and 
the disease resistant group. As for the mean corpuscular 
volume (MCV) and the RBC distribution width (RDW), there 
were no remarkable differences between the disease resistant 
group, the sensitive group and the control.  
Different researches have different results on the fish RBC 
change after infection. Ranzani-Paiva et al. [6] and Benli [7] 
found that the number of RBC in fish Tilapia nilotica decreased 
remarkably after infected with mycobacterium or 
edwardsiellosis. However, Brenden et al [8] reported that the 
RBC increased in the golden fish after infection. Our research 
indicated that the RBC would decrease after infection, but the 
decreasing degree was related to the disease resistant abilities 
of animals. The decrease in animals with high disease resistant 
ability was not significant, but the decrease was remarkable in 
those sensitive animals or animals with low disease resistant 
abilities. 
HCT is the volume percentage of RBC in blood after the 
blood is centrifugated [9]. After infected with vibrio, the 
decrease of HCT could be due to the decrease of RBC, which 
could be proved by the similar decreasing rates of RBC and 
HCT.   
TABLE 1. PARAMETERS OF THE ERYTHROCYTES OF P S E U D O S C I A E N A  
C R O C E A  AFTER ARTIFICIAL INFECTION 








a 8.41± 1.59a 125.9± 15.7a 16.00± 2.82a 
Disease 
resistant 
3.17± 0.56ab 7.80± 1.55ab 132.1± 11.3a 14.89± 1.45a 
Sensitive 2.82± 0.34
b 7.42± 0.75b 133.5± 9.6a 15.18± 1.54a 
Notes: Means with same superscripts in the same column do not differ significantly （P >0.05）, 
and with different superscripts differ significantly （P <0.05）. 
D. Hemoglobin content 
Compared with the control,  the hemoglobin content (HGB) 
of the disease resistant group did not decrease remarkably, but 
significantly in the sensitive group (p<0.05). However, there 
were no significant difference between the sensitive and the 
disease resistant group. After infected with vibrio, there were 
no significant difference for the three group in the mean 
corpuscular hemoglobin (MCH) and the mean corpuscular 
hemoglobin concentration(MCHC). 
Because the MCH multiplied by RBC equals HGB, and 
the MCH did not change remarkably, the decrease of HGB 
could be due to the decrease of RBC, which was the similar 
reason for the decrease of HCT. 
 
 
TABLE 2. PARAMETERS OF THE HEMOGLOBINS OF P S E U D O S C I A E N A  
C R O C E A  AFTER ARTIFICIAL INFECTION 






a 44.1±1.6a 332.9±91.5a 
Disease 
resistant 
138.9± 26.0ab 43.6±2.0a 332.0±26.8a 
Sensitive 125.0± 18.0
b 44.6±2.9a 335.6±25.6a 
Notes: Means with same superscripts in the same column do not differ significantly （P >0.05）, 
and with different superscripts differ significantly （P <0.05） 
IV. CONCLUSIONS 
The hemogram of Pseudosciaena crocea is closely related 
to its disease resistant ability. After infected with vibrio, the 
hemograms such as the RBC, HCT, HGB, WBC and its 
assoeted cells, decreased remarkably in the low disease 
resistant group or sensitive group (p<0.05), but not 
significantly in the high disease resistant group. The decrease 
of the hemogram could be due to the proliferation of WBC and 
decrease of RBC. The WBC, monocyte and neutrocyte were 
significant different between the sensitive group and the 
disease resistant group, which suggested that they were the 
good indicators to represent the disease resistant ability of 
Pseudosciaena crocea and could be used for the recognition 
and selection of the high disease resistant group. Application of 
the automatic hemogram detection system greatly improved the 
analytical efficiency and simplified the detection process, 
which would be a better choice for the large amount of samples. 
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